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1.0 Introduct ion 

I n  t h e  interim s ince  the  las t  report, e f f o r t  has been 

directed t o w a r d  (1) 

a study of t h i n  f i l m  devices w i t h  app l i ca t ion  t o  switching: 

( 2 )  

factors a f f ec t ing  t h e  magnetoresistance ratios of bismuth 

corbino d i sks  formed under varying condi t ions ;  (3) s e t t i n g  

up  t h e  new l i q u i d  helium experimental apparatus  centered  

around t h e  r e c e n t l y  acquired glass dewar: (4)  consider ing 

i n i t i a l  design for  the f lux  sh ie ld ing  exper iments ;  and (5) 

cont inuing an extensive l i t e r a t u r e  search i n  t h e  f i e ld  of 

t h i n  f i l m  devices ,  some of w h i c h  w a s  introduced i n  t h e  

previous report, Because of t h e  recent  wave of i n t e r e s t  

i n  t h i s  f i e l d ,  publ ica t ions  a t  present  are considerable ,  

e s t ab l i sh ing  experimental  procedures fo r  

s e t t i n g  up experimental procedures t o  es tabl ish the  

Two meetings on t h i n  f i l m  devices  w e r e  a t tended i n  t h i s  

interim period. 

Vacuum Science and Technology which was held  r e c e n t l y  i n  

Albuquerque, M o s t  company r ep resen ta t ives  w e r e  d i s i n c l i n e d  

t o  release specific f a b r i c a t i o n  methods, but these can 

probably be gleaned from the  l i t e r a t u r e  i n  t h e  near fu ture .  

Some new devices were introduced which w e r e  for t h e  m o s t  

part th in- f i lm t r a n s i s t o r s  rather than  f i e l d - e f f e c t  type 

devices: however, t h e  t h i n  f i l m  technology a s soc ia t ed  w i t h  

The first w a s  t h e  F i r s t  Annual Meeting on 

them is of in t e re s t . ,  

The second meeting 

a t  Kir t iand  AFB Special 

was a l e c t u r e  and demonstration given 

Weapons Center on June 18, 1965 by 
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two Melpar scientists,  

mental experience and w e r e  ab le  t o  convey some i n t e r e s t i n g  

information on mater ia l s  and techniques w h i c h  should be u s e f u l ,  

These workers have considerable experi-  

2-0  Thin Fi lms  

2 , 1  Active Devices of I n t e r e s t  

2.2 MOS Insulated G a t e  Trans is tor  

The so-cal led MOS ( m e t  a 1 -oxide -semiconduct or ) 

insu la ted-ga te  t r a n s i s t o r  has c h a r a c t e r i s t i c s  a t t r a c t i v e  t o  

many appl ica t ions ,  b u t  unfortunately,  one of these is  an 

extremely high input  impedance w h i c h  may r u l e  t h i s  device 

out f o r  i n v e r t e r  switching appl ica t ions  even f o r  mult i -device 

( p a r a l l e l )  systems. 

can be reached between t o l e r a b l e  pinch-off vo l tages  and 

response times versus f i l m  thicknesses ,  

It is  hoped t h a t  a s u i t a b l e  compromise 

The MOS , t r a n s i s t o r  is  a major i ty-car r ie r  device 

i n  w h i c h  %he cur ren t  i n  a conducting channel is; modulated 

by a ga t e -vo l t age  i n  a t y p i c a l  f i e l d - e f f e c t  manner, 

ful MOS devices have been constructed i n  the sxr face  of a 

Suecess~- 

s i n g l e  c r y s t a l  of s i l i c o n , '  by using th in- f i lms  of cadmium 

selenide,2 and by using t h i n - f i l m s  of cadmium s u l f i d e ,  3 

F-P. Herman and S . R o  Hofstein,  @'The Hnsulated-@ate Field- I 

E f f e c t  Trans is tor"  presented a t  the Electron Devices Meeting, 
Washington, DOC, ,  October, 1962 , 
Published Proc. IEEE, Vol, 51, (19 

Attended by t h e  authors)  

' F~v .  Shal lc ross ,  "cadmium Selenide ~ l r i n - ~ i l m  Trans i s to r s  8 81 

Proc, IEEE, Vol. 51, (1963)8 8515 and F . V .  Sha l l c ra s s ,  "Evalu- 
a t i o n  of Cadmium Selenide Films for U s e  i n  Thin-Film Trans i s to r s , "  
RCA Review, vole 24, (1963), 676, 

IEEE, Vola 508 (1962), 1462; and €3, Borhan and P,K,  W e i m e r ,  "m 
m y s i s  of t he  Charac t e r i s t i c s  of Insulated-Gate T M n - F i h  
Trans is tors , 'g  RCA R e v i e w ,  Vo l .  24, (1963), 153, 

3PeKo W e i m e r ,  "The TFT - A New T h i n - F i h  T r a ~ s i s t o r ~ ' ~  Prcc, 
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. 
A t y p i c a l  plan-view of an MOS device w a s  i l l u s t r a t e d  previously 4 

and i s  c h a r a c t e r i s t i c  regardless of the  material used, The 

CdS and CdSe devices are both N-type but the s i l i c o n  devices  

can be N-type o r  P-type by r e spec t ive  choice of doped s i l i c o n .  

It is  understood t h a t  P-type devices  have also been constructed,  

using te l lur ium,  a t  Melpar and RCA. 

Upon studying the  various articles on CdS and CdSe devices  

it became q u i t e  evident t h a t  CdSe material would be s u p e r h r  

t o  CdS f o r  the t h i n  f i l m  study t o  be condzlcted soono This 

would be p a r t i c u l a r l y  evidect i n  t h e  evaporatior, procedure 

In  evaporat ing cadmium s u l f i d e  the  vacuum system evident ly  

becomes contaminated throughout w i t h  s u l f u r  no matter what 

extremes are used i n  shielding.  A ~ S O ,  p resent ly ,  no electrical  

advantage seems t o  be gained i n  us ing  CdS rather t h a  CdSe. 

Addit ional ly ,  t h e  vapor pressure of selenium i s  near t h a t  of 

cadmium, but much l o w e r  than s u l f u r  a t  a g i v m  temperature. 

An N-P i n v e r t e r  has been tested for shut-off but 

evidence of on-off r a t e s  for  s i n g l e  devices is somewhat spo t ty ,  

For t h e  two-device bas i c  i n v e r t e r  c i r c u i t  shown in Figure  1, 

a turn-on rise t i m e  (T ) of 36 microseconds and a turn-on R 

f a l l  time ITF) of 25 microseconds w a s  recorded for  a square 

wave inpu t ,  It is believed t h a t  s i n g l e  device response t o  

square-wave gate waveforms should be i n  t h e  na~osecond range. 

~ ~~~ 

4P.K. W e i m e r ,  F . V I  Shal lc ross ,  and He Barkan, "Coplamr- 
Electrode Insulated-Gate Thin-Film Trans i s to r s  '' RCA Review, 
V o l .  248 (1963), 661; and R. Bechtel and W,Wo G r a v  
"Methods for DC t o  AC C o n v e r ~ i o n , ~ ~  UNM Engr. Experiment S t a t i o n  
PR-62 8 (1965) 8 19, 

J.R. Burns, "Switching Response of CQmpPementary-Symmetry 
5 

MOS Trans i s to r  Logic C i rcu i t s , "  RCA Review, Vola 24, (a964), 627. 
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Figure 1. (a) Bas ic  MOS Inverter Circuit 
(b) Square-Wave Input Response 
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O f  course,  there are t h e  s eve ra l  va r i a t ions  of t he  

s tandard MOS t r a n s i s t o r  described previously,  which are also 

field-effect devices  (See Bechtel, N o t e  4)-  

another va r i a t ion  called the  coplanar-electrode insu la ted-  

gate thin-f i lm t r a n s i s t o r  (See Weiner, N o t e  4). The electrode 

arrangement that  charac te r izes  t h e  coplanar device (Figure 2 ,  

showing a comparison of t h i s  and two more-common u n i t s )  i s  

sa id  t o  better faci l i ta te  f ab r i ca t ion  and t o  r e s u l t  i n  on-to- 

An addi t ion  i s  

of f  current  ra t ios  on t h e  order  of 10 7 . Higher spacing preci-  

sion is obtained by deposi t ing a11 electrodes on t h e  s e m i -  

conduator - w h i c h  r e s u l t s  i n  a l l  electrodes being on the  

same side of t h e  semiconductor. T h i s  is i n  contrast t o  t h e  

o t h e r  va r i a t ions  which incorporate  an in t e r spe r s ion  of 

electrodes, 

The ga t e  vol tage required for onset  (or pinch-off) of 

d ra in  cur ren t  is  t y p i c a l l y  around -3 v o l t s .  One must  realize,  

however, t h a t  these devices  as present ly  formed have an extremely 

high input  impedance, 

increas ing  t h e  f i l m  thickness ,  t h i s  ac t ion  w i l l  necessa r i ly  

increase  the  pinch-off vol tage,  A compromise w i l l  have t o  

be reached i n  which p a r a l l e l i n g  seve ra l  devices w i l l  reach 

f i n a l  impedance lows, T h i s  compromise s tudy w i l l  be a neces- 

s a ry  inclusion i n  further study of MOS devices  f o r  switching. 

If t h e  impedance i s  t o  be decreased by 
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dSe (0.1-1 micron). 

SUBSTRATE 

A u  source 
dSe( 0.1-1 micron) 

SUBSTRATE 

04 

CdSe(O.06-1 micron) 

SUBSTRATE 

(4 

Figure 2 .  ( a )  Staggered-Layer MOS Device 
(b) Inverted-Staggered MOS Device 
(c) Coplanar MOS Device 
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2.2 w e p o s i t i o n  f o r  MOS Devices 

AlthcuGh pracedures i n  depos i t ing  t h i n  f i l m s  of CdS and 

CdSe vary a great d e a l ,  one fact i s  common t o  all.:: t h e  f i l m  

p r o p e r t i e s  are near ly  t o t a l l y  unpredictable  from t h e  bulk 

p rope r t i e s .  Extreme va r i a t ions  seem t o  be q u i t e  common, 

A l s o ,  for t h e  materials that have been mentioned i n  connection 

w i t h  MOS devices ,  t h e r e  appears t o  be no advantage i n  nsput te r ing"  

i n s t e a d  of using s t r a i g h t  evaporation processes (as f a r  as t h e  

properties of the f i l m  are concerned), However, t he  compound 

ma te r i a l s  can be r e a d i l y  deposited i n  f i l m  form by s,mtt%ering, 

and for  c e r t a i n  materials t h i s  would be a d e f i n i t e  advantage 

because evaporation f requent ly  r e s u l t s  i n  d i s soc ia t ion ,  For 

s t i l l  o t h e r  materials, s i l i c o n ,  for in s t ance ,  the technique 

of chemical vapor deposit ion offers t h e  advantage of r e l a t i v e  

ease over both evaporation and spu t t e r ing .  

I n t e r e s t i n g l y  enough, it has been sho-m t h a t  for  t h e  m o s t  

p a r t  f i l m  properties a r e  e s s e n t i a l l y  i n s e n s i t i v e  tc background 
6 pressure  during f i l m  formation. G e r m a i i w n  f i l m s  fmmed a t  

mm H g  had properties e s s e n t i a l l y  similar t o  f i lm  formed 

a t  mm Hg,  

Criteria involving deposi t ion rates, temperatures,  and 

material s e l e c t i o n  along with s u b s t r a t e  selectim, c leaning  

methods, and eo-heating a r e  r e a d i l y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  

and have beer; compiled f o r  ready use. They w i l l  not be covered 

here s ince  they  are extensive and, for variozs reasons,  some 

may never be used, 

'J.F. Ambrose, e t  a l e  8 "~olecular9, fig 

Melpar Quarterly Report N o ,  ll, A0 400, Vola l l g l  11, 
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It is bel ieved tha t  t h e  deposi t ion req-drements f o r  most 

of t h e  mater ia l sof  i n t e r e s t  a r e  f u l l y  within t h e  c a p a b i l i t i e s  

of equipment cu r ren t ly  OF, hand a t  t h i s  laboratory.  In add i t ion ,  

it should be pointed out t h a t  s u b s t a n t i a l  experience has 

a l ready  been gained i n  t h i n - f i l m  deposi t ion w o r k  through 

var ious  other p r o j e c t s  a t  t h i s  laboratory.  

3-0  e 
For t h e  f lux-shielding experiments it w i l l  be advantageous 

t o  u s e  corbino disks w i t h  high magmskoresistacce r a t i o s .  

There is experimental evidence t h a t  the r a t i o s  t h a t  have 

r ecen t ly  been obtained using corbino disks mclded i n  u l t r a -  

pure carbon molds are poorer than those obtained o r i g i n a l l y  

using l o c a l l y  available low-grade carbon, The s w i t c h  t o  t h e  

u l t ra -pure  forms w a s  made fo r  two reasons= 

grade material was ava i l ab le  i n  4 inch diameter rods as opposed 

t o  2-1/4 inch diameter rods for the low-grade material, and 

thus larger disks could be formed; 121  ~t w a s  bel ieved t h a t  

there may have been too much impuri ty  o r  too many contaminants 

i n  t h e  low-grade ma te r i a l  such as t o  redcse t h e  magnetore- 

s i s t a n c e  r a t i o .  One may recal l  that  earlier evidence had 

iridicated t h a t  over-doping t o  a very mincte degree from 

very mir,ute l e v e l s  reduced t h e  magnetoresistance r a t io  

without exception. Apparently t h e  proper doping l e v e l  i s  

somewhat less than  those  attempted earlier. 

(1) the  high- 

For t h e  i n i t i a l  

machined out of each 

experimentation molds have been 

of t h e  carbon materials; t hey  are 
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t h e  same dimensions. As nea r ly  as possible, a bismuth corbino 

disk w i l l  be formed i n  each mold, a t  t h e  same t i m e ,  under t h e  

same condi t ions ,  The vacuum chamber i s  now under minor 

modification t o  allow t h i s .  T h i s  procedure w i l l  be repeated 

under varying degrees of pre-cleaning and outgassing u n t i l  

a d e f i n i t e  d i f f e r e n t i a l  t r end  is  detected. Then con t ro l l ed  

doping w i l l  follow using those  materials which are impur i t ies  

i n  t h e  low-grade mold material, 

The magnetoresistance measurements will be made i n  t h e  

new g la s s  d e w a r  using l i qu id  ni t rogen.  There is no reason 

t o  be l ieve  that a decrease i n  magnetmesistance r a t i o  would 

take place i n  going from l i q u i d  n i t rogen  temperatures t o  

l i q u i d  helium temperatures;  t he re fo re ,  the  check a t  8OoK 

should be s u f f i c i e n t  and c o s t  considerably less. 

Ef fo r t  w i l l  be made t o  cons t ruc t  t h e  samples i n  such 

a way as t o  reduce mechanical stresses a t  reduced tempera- 

t u r e  due t o  d i f f e r i n g  thermal cont rac t ion  between ma te r i a l s .  

This w i l l  involve,  f o r  example, segmenting the c i r cumfe ren t i a l  

contac t  on the  corbino disks. Carefu l  choice i n  t h e  loca t ion  

of so lde r  joints is also of necess i ty ,  

4.0 Cryogenics 

4.1 New Mater ia l  Advances 

A t  present  niobium a l loys  s t and  i n  t he  fo re f ron t  of 

superconductive material development s ince  these a l l o y s  

possess t h e  highest  known c r i t i ca l  temperature (-18°K) . 
9 



Unt i l  r ecen t ly  t h i s  ma te r i a l  has been l i m i t e d  i n  use due t o  

ava i l ab le  forms. 

s tannide  ( N b  Sn) of a very good q u a l i t y  on a steel ribborz,for 

use i n  a superconducting magnet.' By using a vapor transport 

technique which permits continuous depos i t ion  w i t h  high 

In  1964 RCA successfu l ly  deposited niobium 

3 

mechanical s t r eng th ,  lengths  up t o  one kilometer w e r e  r ead i ly  

produced. 

r ibbon, generated f ie lds  of lo7 ki logauss  i n  a one inch bore, 

However, t he  po in t s  concerning t h i s  material of m o s t  i n t e r e s t  

t o  the  i n v e r t e r  project are its high t r a n s i t i o n  temperature,  

c r i t i ca l  cur ren t  dens i ty ,  and a b i l i t y  t o  be deposi ted i r e  t h i n  

f i l m  of except ional  q u a l i t y  and useab i l i t y .  

A solenoid magnet, wound using Nb Sn coated steel  3 * 

The RCA vapor t r anspor t  technique involves the hydrogen 

reduct ion  chlorides of niobium and t i n  on a properly heated 

s u b s t r a t e  a t  temperatures genera l ly  between gOO°C and 12OO0C. 8 

Some important p rope r t i e s  related t o  a v a p r  deposited 

Nb Sn sample are: 3 
11 C r i t i c a l  M a x i m u m  Observed Possible 

Cri t ical  Trans i t ion  Deposition Penetrat ion 10 Current 
T e m p e r a t u r e  Temperature D e p t h  R€!SistiVFty Density 

London 9 

18.3OK 675 t o  160ooc -2900 -1~2x10 -5 -15~1% 

T 7 Tc a t  zero 
ohm-cm a t  =p/Cm 

f i e l d  

"H.C. Schindler and E.R. Nyman ,  "Electromagnetic Performance 

R 
of Niobium-Stannide Ribbon," RCA Review, Vol. 25, No, 38 (1964),570. 

v J.J. Hanak, R. Strater, and G.W. Allen,  "Preparation and 
P rope r t i e s  of Va r-Deposited Niobium--Stann.i.de I RCA Review, 
vole 25 ,  No. 48 E964),  342, 

'G.D. Cody, "The Superconducting Penetrat ion D e p t h  of 
Niobium-Stannide," RCA Review, V o l .  25, No. 3 ,  ( ~ 9 6 4 ) ~  414, 

'*D,W. Woodard and GOD,  Cody, "'AnomalOus R e s i s t i v i t y  of 
Niobgum: Stannide," RCA ~ e v i e w ,  voi. 25 ,  NO. 3 ,  ( ~ 9 6 4 ) ,  393. 

"G.D. Cody and G.W. Cullen, " C r i t i c a l  Currents and Larentz- 
Force Model i n  Niobium Stannide," RCA Review, Vol. 25, No.  3 ,  
(1964)t 466. 
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It is foreseeable  t h a t  niobium s t w i d e  ribbon c o d d  have 

t o t a l  usage f o r  t h e  gated-magnetic f i e l d  (e) i nve r t e r  i n  the  

capac i ty  of both t h e  sh i e ld  material ar,b t h e  magnet, E t  w a s  

mentioned that  e i t h e r  an electromagnet o r  a permanent magnet 

could be used i n  t h e  GMF inve r t e r ,  The permacent magnet could 
f u r t h e r  be of t he  ord inary  type  or superconducting typeo  1 2  

The l a t t e r  would permit a closed Superconducting system, 

The p o s s i b i l i t y  of making superconducting permanent 

magnets exists because  of  t h e  lossless cu r ren t  f l o w  property 

of a superconductor. T h e  superconducting magnet opera t ion  

begins with an i n i t i a l  induct ive  charging, usua l ly  by means 

of an ex te rna l  m a g n e t  whereupon t h e  f i e l d  remains t rapped i n  

t h e  cy l inder  for as long as it is  kept superconducting. 

hard  (h igh- f ie ld)  superconductor such as niobium s tannide  has 

A 

been found t o  have an energy product over 25 x 10 6 gauss- 

oe r s t eds ,  and it is l i k e l y  t h a t  t h i s  f i g u r e  could r e a d i l y  be 

exceeded as f u t u r e  explorat ion r evea l s  new materials , 

The magnets are t y p i c a l l y  formed by depos i t ion  sf super- 

conducting material onto a c y l i n d r i c a l  s u b s t r a t e ,  However, 

t o  reduce t h e  characteristic f lux jump (sudden p e r s i s t a n t  

cu r ren t  loss) t h a t  one encounters with these  c y l i n d r i c a l  

forms, a technique of using a composite cy l inder  made up of 

t h i n  superconducting d i sks  in su la t ed  one f r o m  t h e  other has 

been described. l3 (This i s  somewhat analogous t o  t h e  laminating 

1 2 C e P ,  B e a n ,  and MeV. Doyle, "Superconductors as Permanent 

13J0J0 Hanak, "Magnetization of Niobium-Stannide F i l m s  i n  
Kagnets, '' J, APPlied Physics V o l ,  34, (1963 1 1364, 

Transverse Fields,*' RCA Review, Vole 25, No. 3 ,  (1964), 551. 
11 



of a traiisf'ormer t o  reduce eddy-current losses . )  The d i sks  

are fu r the r  e tched,  down t o  t h e  subs t r a t e ,  i n t o  concent r ic  

r ings .  After assembly, the  magnet resembles what one would 

ob ta in  by s l i c i n g  a multi-cylinder co-axial tube i n  which t h e  

cy l inde r s  are insu la t ed  one from t h e  o the r ,  t h e  slices then 

being s tacked and in su la t ed  f r o m  each other, It w a s  found 

t h a t  t h e  s tacking  technique improved t h e  problem of f lux  

jumping over t h e  s t r a i g h t  cy l inder  magnet ar,d thac  the  r ing-  

technique improved the  s i t u a t i o n  f u r t h e r  still .  In t h e  case 

of t h e  magnet 

used f o r  t h e  insu la tor -separa t ing  disks . The laminated 

h ighly  conducting non-supercondccting m e t a l  is  

magnet i s  less e a s i l y  constructed than  t h e  s tandard c y l i n d r i c a l  

t ype  8 so t echnologica l ly  a compromise between s impl i c i ty  and 

s t a b i l i t y  would have t o  be made. 

4.2 Deposition of Niobium Films 

As pointed out  i n  t h e  last report one phase of t h e  @IF 

i n v e r t e r  s tudy w i l l  r equ i r e  high-qual i ty  niobium f i l m s  of 

$I"aite broad th ickness  extremes. Some in te rescsng  new deposi- 

tion methods are descr ibed b r i e f l y  below for niobium, the 

deposi t ion of which has  presented q u i t e  a problem i n  the  pas t .  
14 4.2.1 Exploding W i r e  Method 

With t h i s  method w i r e  material is  evaporated by 

capac i to r  discharge i n  an i n e r t  atmosphere r a t h e r  than in. 

a vacuum, The inherent  fas t  transit t i m e  (bO-5sec) of t h e  

material from source t o  subs t r a t e  r e s u l t s  in b e a s  impurity 

i4Me Garbung, Me Got t l i eb ,  and J,J, Conroyl "Hard Super- 
Conducting Films from Exploding W i r e s ,  '' -# 

vQlo 340 NO. 1 2 ,  (1963)t 3642, 

12 



8 

g e t t e r i n g  a s  t h e  vaporized ma te r i a l  t r a v e l s  from source t o  the 

s u b s t r a t e ,  Thus pure films a r e  poss ib l e ,  With ap? energy 

discharge of about 100 joules  f r o m  a condenser bank, hard 

superconducting fi lms of s eve ra l  hundred angstroms thickness,  

having a c r i t i ca l  magnetic f i e l d  of about eleven kilogauss, a r e  

reported,  However, a preva i l ing  disadvantage i n  t h i s  method 

of depos i t ion  is the  d i f f i c u l t y  i n  achieving unif om thicknesses  -, 

Very l i t t l e  set-up work would be needed t o  enploy t h i s  

method for  depos i t ing  niobium f i l m  i n  t h i s  laboratory-,  Most 

of t he  equipment is now on hand, 

4.2.2 Asymmetric AC Sput ter ing 15 

With t h i s  method a reverse  s p u t t e r i n g  C U P K ~ ~ ~  is  used t o  

bombard t h e  f i lm during the  depos i t ion  process.  This e f f e c t i v e l y  

removes gaseous impur i t ies  t o  obtain pure films, It is reported 

t h a t  f i l m s  having c r i t i ca l  temperatures wi th in  0 .2  percent  of 

t h a t  of t h e  bulk ma te r i a l  a re  repeatedly obtained, The films 

a r e  a l s o  q u i t e  uniform, 

One disadvantage of t h i s  method i s  the requirement of 

s p e c i a l  apparatus,  s ince  t h e  s u b s t r a t e  must be heated t o  500°C 

and t h e r e  must be removable sh i e ld ing  f o r  t he  pzesput te r ing  

period, A l s o ,  a c y l i n d r i c a l  cathode is  used, S t i l l ,  t h e  CVC 

vacuum system could be modified t o  m e e t  t he se  requirements, b u t  

it would r equ i r e  somewhat more work than the  exploding w i r e  

method 

''€to F'rerichs and C . J ,  Kircher,  "Proper t ies  of Super- 
conducting Niobium Films by Asymmetric A@ Sput ter ing,  '' 13, - 
Applied physics,  VO1- 348 (1963)# 3541, 



4.2,3 B i a s  Sput ter ing 16 

This  s l i g h t  modification i n  the  standard spaattering 

scheme is  s a i d  t o  r e s u l t  i n  pu re r  f i lms  because ion clean-up 

is i n  operation during t h e  e n t i r e  deposi t ion process. Biasing 

t h e  substrate a l l o w s  removal of impur i t ies  t%at  hsve come f r o m  

the cathode i tself .  Success wi th  g l a s s  s u b s t r a t e s  is reported 

when a s m a l l  p o s i t i v e  bias is appl ied i n i t i a l b y  by admitt ing 

about 1 percent  of oxygen i n t o  the  spu t t e r ing  gas ,  Then t h e  

bias is  switched t o  t h e  des i red  negative value,  and t h e  

s p u t t e r i n g  is  completed i n  pure argon. 

4.2.4 V a p o r  Deposition 

This m o r e  s tandard deposi t ion method h- as seem some 

improvement w i t h  regard t o  niobium f i lms ,  la The strong 

g e t t e r i n g  ac t ion  for  oxygen t h a t  niobium possesses  has been 

used t o  reduce t h e  p a r t i a l  p ressure  of this gas i n  *he vacuum 

system, By use of a s h u t t e r  arrangement be tween the so"arce 

and subs t r a t e ,  pre-evaporation of t h e  s w ~ r c e  r a t e r i a l  i s  

allowed which i n  t u r n  leads t o  oxygen r~moval by g e t t e r i n g ,  

T h e  s u b s t r a t e s  are then exposed t o  the  S O Z K C ~  mater ia l  which 

had been previously outgassed i n  a high v a y c u ~ ~ ,  

It is bel ieved t h a t  any one of the above methods is 

with in  t h e  c a p a b i l i t y  of equipment now on hand, in some 

eases wi th  very l i t t l e  modification. 

lbI,- 1, Maissel and P,M, Schaible,  "Thin F i b s  Deposited 

' 7 ~  ,A. ~erl3ehauer 2nd R,A 

35, (19641, 5470 

by Bias Spu t t e r ing , "  J, Applied Fhysiss,  VoB, 36, (19651, 237. 

Superconductive Films of Nb,  T a ,  and V u t t  J, Applied Physics, 
~ k v a l l ,  'nvapor-3epDsited 
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5-0  Work Schedule Outline 

I n  t h i s  and the  l a s t  r epor t  new problems and supporting 

experimental  procedures have been proposed and discussed with 

I 
I *  
i 

s o m e  i nd ica t ion  of f u t u r e  work scheduling, Present  p lans  c a l l  

f o r  the following schedule: 

1. Obtain immediate evidence t h a t  would ind ica t e  eventua l  

success  of the gated-magnetic-f i e l d  i n v e r t e r ,  For the  sh i e ld ing  

c a p a b i l i t y  checks, t h i s  w i l l  involve f lux neaeurements e x t e r n a l  

and i n t e r n a l  t o  various sh i e ld  specimens (probably niobiwn) 

most l i k e l y  by use of magnetoresistors. 

Switching time s t u d i e s  w i l l  follow f o r  t h e  var ious s h i e l d  

specimens (varying thicknesses) t o  study t h e  e f f e c t  of th ick-  

ness,  p u r i t y  and deposi t ion method on switching time (and 

sh ie ld ing  capab i l i t y ,  too, for  t h a t  m a t t e r )  The switching 

t i m e  study w i l l  necessar i ly  involve t h e  effects of sh i e ld  

geometry and a switching-coil  arrangement, which m r z s t  be kept  a t  

a l o w  inductance. Idea l ly ,  t he  geometry should be a s  s h p l e  

a s  poss ib le . .  A p l a n a r  o r  c y l i n d r i c a l  s h i e l d  would be r e l a t i v e l y  

s i m p l e  as opposed to a s p h e r i c a l  shape. A s p h e r i c a l  shape 

would p resen t  d i f f i c u l t i e s  both i n  th in- f i lm coa t ing  and 

switching e f f i c i ency  ., 

2. conduct an experimental study i n  the  f i e l d  of th in -  

f i l m  devices  of t h e  types  t h a t  have been described t o  e s t a b l i s h  

eventua l  success  of these devices i n  high C U K P ~ S ~ ~ - ~ O W  vol tage 

i n v e r t e r  applications. 

pinch-off vol tage - f i l m  thickness dependence, and %hus t h e  

This w i l l  involve e s t a b l i s h i n g  t h e  



I 
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r e l a t e d  impedance l e v e l  lower limits. The f i l m  thickness w i l l  

be s t e a d i l y  increased, from the  f i r s t  sample constructed,  i n  

subsequent samples. 

with each u n t i l  some imposed, t o l e rab le ,  upper l i m i t :  is 

reached. A f t e r  measuring the "on" impedance of t h i s  optimum 

device one can judge haw p r a c t i c a l  o r  f e a s i b l e  it might be 

t o  p a r a l l e l  s eve ra l  such devices t o  form an e f f ic ien t  l o w  

The pinch-off voltage will be checked 

vol tage - high cu r ren t  i nve r t e r .  

3. I n i t i a t e ,  where appl icable ,  a search f o r  t h e o r e t i c a l  

models f o r  each of t h e  above areas  described. 

a system model f o r  t he  GMF r a t h e r  than a p a r t i c u l a r  device 

model. 

This might be 
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